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INTRODUCTION
Research into the last interglaciation in northwestern Europe can be traced back to the late 1800s when the Eem Zone was described by Harting (1874) . The Eemian is defined on the basis of marine sediments with warm-water molluscs and terrestrial deposits of comparable age. Uniform vegetation development in this period makes correlation possible over considerable distances. At most sites (Fig. 1) , the Eemian begins with calcareous deposits that lie directly on a substrate of Saalian age. The climate of the transition from glacial to interglacial conditions is poorly, or not at all, recorded. The climatic information contained in the 4000, possibly annual, late-glacial laminae underlying the Eemian lake deposit in Quakenbrück (Fig. 1) has not 1 To whom correspondence should be addressed. E-mail: G.Caspers@bgr.de. yet been investigated (Hahne et al., 1994) . Pollen records at Brokenlande and Rathenow suggest weak climate oscillations (Menke and Ross, 1967; Freund, 2000) .
EEMIAN INTERGLACIAL
The Eemian vegetational cycle, according to Menke and Tynni (1984) , begins with the spread of birch in pollen zone (PZ) I followed by pine-birch woodlands (PZ II), which were quickly displaced by thermophilous deciduous woodlands consisting of pine and mixed oak forest (PZ III). These were succeeded by a mixed oak/hazel (PZ IVa) and hazel, yew, and lime (PZ IVb) forests. A substantial expansion of hornbeam and increasing presence of spruce characterizes PZ V. The climatic optimum was achieved in PZ IVb and PZ V. As the Eemian ended, thermophilous trees retreated and boreal-type woodland of pine, spruce, and fir expanded. Pine is dominant in PZ VI and PZ VII (note that the labeling of pollen zones used by other authors differs, cf. Selle in Fig. 2 ). At several locations in northwest Germany, lake deposits of the terminal phase of the last interglaciation are overlain by peat. The record of the transition to glacial conditions is frequently distorted or destroyed. Pollen profiles where the final phases are well recorded, e.g., Rederstall (Menke and Tynni, 1984) , clearly show that the end of the cycle was characterized by a transitional period, probably some centuries long, during which the climate steadily deteriorated. This view is supported by the δ 18 O curve from Gröbern, which shows gradually decreasing values as the interglacial interval ended (Litt et al., 1996) . These and other studies (Zagwijn, 1996; Aalbersberg and Litt, 1998; de Gans et al., 2000; Turner, 2000) show no major instability at any time during the Eemian interglaciation.
The duration of the Eemian, as palynologically defined, has been determined on the basis of varve counts from Bispingen (Müller, 1974) , Quakenbrück (Hahne et al., 1994) , and Gross Todtshorn (Caspers, 1997) . Varves are either absent or poorly defined in the final phases of these lake deposits, so that estimates of the duration had to be complemented by sedimentological and palynological considerations (Fig. 2) . Available evidence suggests that the Eemian in central and northwestern Germany had a duration of 10,000-11,000 yr. The margin of error is considered to be no greater than about 1000 yr (Fig. 2a) .
Evidence of shifts from freshwater to brackish and marine conditions in coastal areas permits the reconstruction of Eemian sea level. At the beginning of the interglacial interval, sea level was 40 m below the current German sea-level datun (NN) and then rose quickly to −7 m NN. This is a much faster rise than in a comparable interval of the Holocene. Saalian ice reached considerably farther south than during the last glaciation. At the end of the interglaciation, sea level had fallen to −20 m NN (Fig. 2b) .
HERNING STADIAL
A severe climatic deterioration, represented by the demise of boreal woodlands, is known as the Herning Stadial (Menke and Tynni, 1984; Litt, 1994; Caspers and Freund, 2001) . Sediments from the beginning and end of the Herning are typically rich in humus and peat; sands with low organic content are characteristic of the middle Herning. The vegetation cover remained complete, hindering major soil erosion. Heather-rich tundra dominated in the western part of the region and grass in the east. The boundary of these two vegetation types advanced westward as the stadial progressed. This vegetational change implies a substantial decline in temperature, especially in summer. Evidence for a decrease in average July temperature to less than 10
• C is supported by pollen, macrofossil, and beetle investigations . Sea level fell in the Herning to −40 m NN (Zagwijn, 1983; Streif, 1990) , leading to increased continentality (Fig. 2b) . The Herning was a major lengthy cold-climate episode. In the absence of varved sediments, the duration of the Herning is estimated from available palaeoecological and geological data as several millennia. The Herning correlates with marine isotope stage (MIS) 5d and was followed by the 5800 to 10,000-yr-long Brørup Interstadial (Grüger, 1991) , which correlates with MIS 5c. 
BRØRUP INTERSTADIAL
The Brørup Interstadial in northern central Europe is characterized by development of woodland. Brørup deposits consist of peat and/or mud that can be organic-rich to varying degrees and, occasionally, raised bog or wooded raised bog is recorded. Although the temperature rose, average values for the warmest months were in the range of 14-16
• C and sea levels did not rise above −40 m NN (Zagwijn, 1983) .
Within the Brørup Interstadial, a birch phase and subsequent a pine phase are recognized, but thermophilous deciduous trees did not play a role in either of these woodland types. In many pollen profiles, and also in stable isotope curves of deep-sea cores, a climatic deterioration is signaled, which resulted in changed woodland composition but not in woodland demise. As in the case of the Eemian, the transition from Brørup to the following cold phase appears to occur rather steadily in most records. In a high-resolution diagram from Barendorf near Lüneburg (Lower Saxony; , a phase of slow cooling and oscillating tree pollen representation is clearly recorded, as well as an increase in NAP that signals the beginning of the Rederstall Stadial.
CONCLUSIONS
The transition from the Saalian late-glacial interval to the Eemian interglaciation occurred quickly, on the basis of pollen analytical investigations, and with at best weak climatic oscillations. These developments are reflected in central and northwestern Europe by shrub-rich vegetation. The climatic oscillations were short and of insufficient intensity to permit the establishment of woodlands, as occurred in the course of the Weichselian late-glacial interval. On the basis of sedimentological records, and also the δ 18 O curves from marine and ice cores, there is no evidence for a late-glacial phase with severe climatic oscillations.
Eemian sequences from central and north western Europe show a fully developed interglacial cycle that lasted ca. 10,000-11,000 yr, with initially pioneer woodland, followed by deciduous woodland with well-represented thermophilous elements, and finally a boreal coniferous woodland. Because varved sediments relating to the final phases of the interglaciation have not been recorded, the duration of the boreal woodlands is interpolated from the pollen and the sedimentological evidence. However, the maximum error in the estimates for the duration of the Eemian could be ca. 1000 yr, but not as much as several millennia.
There is no indication of abrupt or severe climate changes in the available pollen diagrams, nor is there sedimentological evidence for such in the lake and peat deposits. Terrestrial Eemian records can be readily correlated with Eemian profiles from the German and Dutch North Sea coastal areas. Also, sealevel changes closely parallel the course of the interglacial cycle. At the beginning of the interglaciation, sea level was 40 m below present levels and then rose quickly to −7 m NN in the German Bight. This represents a much faster rise than in a comparable period during the Holocene. As the interglaciation ended, sea level dropped to −20 m NN. It is difficult to explain why sea level was already at −40 m NN at the transition from the Saalian glaciation to the Eemian, even though during MIS 6 sea levels were lower than −100 m NN and the Saalian late-glacial interval was short and without pronounced climatic oscillations. The δ 18 O curves from ocean sediments indicate particularly strong ice-melt conditions, i.e., warming, in MIS 5e. The curves show a steep rise, remain high for a time, and then decline but at a slower rate than the initial increase. There are no major oscillations and, hence, there is excellent correspondence between MIS 5e, sea-level changes and the Eemian terrestrial records from northern central Europe.
During the Herning Stadial, a decline in July average temperature to <10
• C is indicated by pollen, macrofossil, and beetle evidence (Caspers and Freund, 2001 ). This resulted in the demise of coniferous woodlands that characterized the final phases of the Eemian. However, vegetation cover, in the form of heathdominated and later grass-dominated tundra, remained complete and so soil erosion was hindered. For this and other reasons, the usually rather thin deposits of the Herning Stadial do not necessarily indicate that this interval was of short duration. Sea level fell to −40 m NN during the Herning and did not exceed this level again until the Holocene. This fall in sea level (at least −33 m NN was achieved) from the high levels that prevailed for most of the Eemian indicates a large buildup of ice. This required considerable time and serves to emphasize the importance of the Herning as a major climatic oscillation. In the absence of varved sediments, the approximate duration of the Herning is estimated from the available palaeoecological and geological data to have lasted several millennia. Therefore, the Herning Stadial is correlated with MIS 5d, which suggests a substantial climatic oscillation. On the basis of the distinct lower sea-level and the overall palaeoecological evidence, it is not appropriate to include the Herning as a part of MIS 5e.
The Brørup Interstadial, which lasted of 5800-10,500 yr, is characterized in northern central Europe by boreal, coniferoustype woodland. Even though average July temperatures were ca. 14-16
• C, sea level at the North Sea coast failed to rise above −40 m NN. MIS 5c is characterized by a substantial rise in δ 18 O values, which are considerably higher than in MIS 5d but not as high as in MIS 5e. The Brørup Interstadial is correlated with MIS 5c.
In summary, the Eemian in northwestern Germany is clearly defined on the basis of vegetation development and low sea level at the beginning and end of the cycle. This interglaciation is estimated to have had a duration of 10,000-11,000 yr.
